Sodium magnetic resonance imaging of proteoglycan depletion in an in vivo model of osteoarthritis.
The aim of the study was to investigate the feasibility of using sodium magnetic resonance imaging (MRI) as a noninvasive quantitative technique for measuring proteoglycan (PG) content in an in vivo porcine model of osteoarthritis (OA). Biochemical conditions similar to those of OA were created by an intra-articular injection of recombinant porcine interleukin-1beta (IL-1beta) into the knee joint of pigs (n = 6) before performing MRI. The contralateral knee joint was given a saline injection to serve as an internal control. Sodium MRI data were acquired on a 4-T clinical MR scanner and used to compute quantitative sodium and fixed charge density (FCD) maps based on a previously established methodology. In vivo FCD maps were compared with FCD maps obtained using ex vivo patellae harvested from the specimens. The tissue and joint fluid were subjected to histologic and immunohistochemical analyses as independent measurements of IL-1beta activity and PG loss. The average FCD of IL-1beta-treated patellae was measured to be 49% lower than that of saline-treated patellae, indicating a loss of PG content. These results were supported by histologic and immunochemical findings, most notably a reduction in staining for PG and an increase in matrix metalloproteinases in the synovial fluid. Sodium MRI can serve as a quantitative method to measure in vivo changes in PG content in an animal model of OA. The use of a noninvasive quantitative in vivo PG measurement technique such as sodium MRI on an animal model would aid greatly in efforts to monitor the efficacy of treatments for OA. Furthermore, these results indicate that early degenerative events could be detected noninvasively in vivo in humans with PG-depleting diseases such as OA.